We study the effect of b → sss scalar/pseudoscalar operators in B → Kη (′) , φK * decays. In the minimal supersymmetric standard model (MSSM), such scalar/pseudoscalar operators can be induced by the penguin diagrams of neutral Higgs bosons. These operators can be Fierztransformed into tensor operators, and the resultant tensor operators could affect the transverse polarization amplitudes in B → φK * decays. A combined analysis of the decays B → φK * and B → Kη (′) , including b → sss scalar/pseudoscalar operators and their Fierz-transformed tensor operators originated from the MSSM, is performed. Our study is based on the followings: (1) Assuming that weak annihilations in B → φK * is negligible and the polarization puzzle is resolved by Fierz-transformed tensor operators, it results in too large coefficients of scalar/pseudoscalar operators, such that the resulting B → Kη (′) branching fractions are much larger than observations.
I. INTRODUCTION
Recent experimental results for polarization fractions inB 0,− → φ(1020)K * (892) 0,− are
0.506 ± 0.040 ± 0.015 BaBar [1] 0.45 ± 0.05 ± 0.02 Belle [2] 0.57 ± 0.10 ± 0.05 CDF [3] ,
0.227 ± 0.038 ± 0.013 BaBar [1] 0.31
+0.06
−0.05 ± 0.02 Belle [2] 0.20 ± 0.10 ± 0.05 CDF [3] 0.19 ± 0.08 ± 0.02 Belle [2] .
Here, the polarization fractions f λ (λ = L, , ⊥) are given by f λ = |A 
On the other hand, the power-counting estimate in the standard model (SM) tells that the longitudinal mode is dominant [5] . In the SM, the QCD factorization (QCDF) calculation yields [5] ). The experimental results largely deviate from the intuition in the SM. Similar discrepancies have been observed in penguin-dominated B ±,0 → ρ ±,0 K * 0 decays [6, 7] . These discrepancies are referred as the polarization puzzle/anomaly in B → V V (where V denotes a vector meson) decays.
Solutions to the puzzle have been discussed within or beyond the standard model [5, 8, 9] .
The recipe of fine-tuning form factors is proposed in [10] . Effects of final-state interactions are discussed in [11, 12] . Sizable annihilation effects are considered in [13] [14] [15] . As discussed in [14] , the magnitude of annihilation correction is of O 1/m 2 b log 2 m b /Λ h . Furthermore, the effect is destructive to longitudinal, and constructive to transverse modes. Thus we may resolve the polarization puzzles by introducing annihilation effects. We note that, however, the perturbative QCD (pQCD) yields f L 0.75 even with annihilation effects [8] .
The b → sg (where g denotes a gluon) operator, which enhances the transverse compo-nents, was discussed in [16] . However, it was found [13, 17] that the contribution due to the operator mainly affects the longitudinal mode.
As for the solutions of the puzzle, the effects of NP-induced tensor operators are discussed in [17] and right-handed currentssγ µ (1 + γ 5 )bqγ µ (1 ± γ 5 )q are in [18] [19] [20] . Because the right-handed currents may decrease the magnitude of |A 0 | and increase |A ⊥ |, it can explain the ratio |A ⊥ /A 0 |. However, the resulting |A | ≪ |A ⊥ | [18] is in contrast with the data |A | ∼ |A ⊥ |.
New physics (NP) contributions to B → φK * decays due to b → sss tensor operators, first mentioned in [13] , are systematically discussed in [17] , and later the idea is applied to B → ρK * by considering the 4-quark tensor operators related to the processes b → sdd and sūu [21] . In the helicity basis, 1 four-quark tensor operators have leading effects to H −− (or H ++ ), but sub-leading to H 00 . The possibility of solving B → φK * polarization puzzle by using four-quark tensor operators is extensively studied in [14, 17] and further investigated in [22] [23] [24] [25] [26] .
In [17] the general approach of resolving the polarization anomaly of B → φK * by using four-quark NP operators is studied. There are two types of NP operators which are relevant to solve the polarization anomaly. They are tensor operators with σ µν (1 ± γ 5 ) ⊗ σ µν (1 ± γ 5 )
structure. The tensor operator σ µν (1 + γ 5 ) ⊗ σ µν (1 + γ 5 ) results in H 00 :
. The decays B → P P (where P denotes a pseudoscalar meson) are sensitive to scalar/pseudoscalar 4-quark operators whereas B → V V are sensitive to tensor operators.
Furthermore, it is known that scalar/pseudoscalar and tensor operators are not independent; scalar/pseudoscalar operators can be Fierz-transformed into tensor operators and vice versa.
Therefore, the combined analysis of scalar/pseudoscalar and tensor operators for B → P P and B → V V modes will give more severe constraints about NP scalar/pseudoscalar and tensor operators.
In this paper we focus on the b → sss decay processes.
We consider the scalar/pseudoscalar operators induced by Higgs penguin diagrams of the MSSM neu-1 Amplitudes in the helicity basis and the transversity basis are related by A 0 = H 00 , A = (H ++ +
tral Higgs bosons (NHB) [26] [27] [28] [29] [30] In the SM the effective Hamiltonian relevant to B → Kη (′) and B → φK * decays is given by
where the operators O i=1,...,10 are four-quark operators. O 7γ and O 8g are electromagnetic and chromomagnetic dipole operators, respectively. µ is the renormalization scale. V qb and V qs (q = u, c, t) are elements of Cabibbo-Kobayashi-Maskawa (CKM) matrix. The b → sss four-quark NP effective Hamiltonian is given by
where O i and c i (i = 11, . . . , 26) are four-quark NP operators introduced in [17] , and corre- 
(ii) scalar/pseudoscalar operators
(iii) tensor/axial-tensor operators
Since B → P P (B → V V ) decays are not sensitive to the factorized tensor 
Due to the Fierz transformation, we can introduce modified Wilson coefficientsc i , which are defined byc (6, 21) , (13, 20) , (14, 19) , 1 0
Thus we can replace the Wilson coefficients by the effective ones: 
for B → P P decays, and 
for B → V V decays, so that the decay amplitudes can be simplified.
B. B → Kη (′) Decay Amplitudes
In the SM, B → Kη (′) decay amplitudes are given by [31] A(B →Kη
where
For the B → P P decays α 1,2,3,4,3EW,4EW are defined as
Contributions from annihilation diagram are represented by β Q (Q = 3, 4, 3EW, 4EW, S3),
(where r = q or s) respectively. b 3,4,3EW,4EW are the coefficients due to weak annihilation of penguin operators. b S3 is originated from the singlet penguin contribution which is introduced in [31, 32] . Note that following the approximation adopted in [31] , we have neglected single weak annihilations β S1 , β S2 , β S3,EW , and only keep β S3 .
In the above results, we adopt a (|ūu + |dd ) and |η s ≡ |ss with a mixing angle φ η [32] :
Decay constants f q,s
with m q = (m u + m d )/2. As for explicit forms of f q,s
(q 2 ), we summarize in Appendix A.
C. B → φK * Decay Amplitudes
Decay amplitudes ofB → φK * can be decomposed as
is the amplitudes in the helicity basis. Amplitudes for the emission topology (the T A part)
is given by
with r φ χ given by 
therefore, in the factorization limit, we obtain
Note that the second term in the right hand side of (24) gives no contribution since the local scalar current cannot couple to φ. Similarly, in the factorization limit we have
The same procedure can be applied to the matrix elements containing O 25 and O 26 .
Coefficients a h i (i = 3, . . . , 10) have been calculated in QCDF [15, 31] . However instead of c 5 and c 6 ,c 5 andc 6 should be used in the calculation of a 5 and a 6 (see (11) ).
where the radiative corrections are negligible. We summarized the explicit form of a h i for i = 11, . . . , 14 due to the right-handed four-quark operators in Appendix C.
In (27) 
or in the explicit forms
Here we have used decay constants and form factors defined in Appendix B.
Weak annihilation contributions (the T B -part) toB 0 → φK * 0 and B − → φK * − decay amplitudes in helicity basis can be given by
and
with h = 0, −, +. Building blocks
can be found in Appendix of [15] .
D. Scalar and Pseudoscalar operators in the MSSM
In the MSSM, scalar and pseudoscalar operators can be induced by neutral-Higgs boson (NHB) penguin diagrams. We refer such operator as the MSSM-NHB scalar/pseudoscalar operators. In [28] , b → slℓ (where ℓ denotes a charged lepton) scalar/pseudoscalar op-
1,2 induced by the MSSM-NHB penguin diagrams are considered. b → sqq scalar/pseudoscalar operators can be obtained by replacing Higgs-l-ℓ vertex with Higgs-q-q vertex [29] . They are
where q = u, d, s, c. 5 The Wilson coefficients C i (µ) of O i with i = 15, . . . , 22 at µ = m W are given by [28, 29] : , 18, 20, 22) , and four-quark tensor operators are not directly induced. Here 
Because O i (i = 15, ..., 22) and O i are related by
the Wilson coefficients c i (µ) for O i (µ) with i = 15, . . . , 26 at µ = m W are given by 16, 18, 20, 22, 23, 24, 25, 26, where Under the existence of the MSSM-NHB scalar/pseudoscalar operators (43), ∆c 5, 6 , given in (18), (19) , in B → Kη s decays are rewritten by
As for the Wilson coefficients in B → φK * decays, we use the replacements (11). They are given bȳ As for a 23−26 , we parametrized the following coefficients that appear in (27) .
where the α s corrections are negligible. However, we still parametrize the strong phases δ 
III. NUMERICAL ANALYSIS A. Numerical Inputs
We summarize input parameters in Table I . As for B → K * vector and tensor form factors, we follow the light-cone sum-rule (LCSR) results [33] , defined as We also include hadronic uncertainty parameters defined in [15, 34] : 
In B → φK * decays we have fixed
because in these decays the branching ratios are very insensitive to them.
As for NP effects, we use DB|ξ|, DB|ξ ′ |, φ, φ ′ , δ, δ ′ and (B − A)/B as the independent parameters. We have constrained weak and strong phases to be |φ (′) | ≤ π and |δ (′) | ≤ π/2, respectively. In the fit, for simplicity we consider the two scenarios: (i) NP-(A) for which ξ ′ = 0 and (ii) NP-(B) for which ξ = 0. 
0.031 ± 0.021 0.031 ± 0.021 0.030 ± 0.018 
B. Experimental Data
In the fit forB →Kη (′) decays, we use 7 observables including 3 averaged branching fractions, 3 direct CP violations and theB
with q/p ≃ e −2iφ 1 for B should be close to sin 2φ 1 in the SM. The experimental data for B → Kη (′) are listed in Table II . and B → φK * are collected in Tables II and III. The results obtained in [17] , where the weak annihilation effects are not included, are
given by 
to be compared with our present upper bounds, are the polarization fractions measured inB and B decays, respectively. 7 The errors of parameters in Table IV Tables II and III are Table II .
Observable
Experiment Combined Fit with φK * ann.
NP-(A) NP-(B)
B tot ×10 6 9.5 ± 0.8 9.4 ± 0. 
Consistency with SM and B s → µ + µ −
The current upper-bound for the branching fraction of B s → µ + µ − [37, 47] at 90% CL is
The branching fraction of b → slℓ due to operators O (ℓ) i (with i = 7, 9, 15, 17, 19, 21) for ℓ = e, µ, τ 9 is given by 9 We have defined O 
Here we note that if RGE effects are not large, c In [23] , the authors discuss the scalar/pseudoscalar operators induced by R-parity violating interactions in the supersymmetric standard models. Because they did not take into account the weak annihilation effects and possible constraints from B → Kη (′) , large contributions due to tensor operators to explain the B → φK * polarization puzzle are required and therefore the estimated magnitudes of the effects of scalar/pseudoscalar operators are much larger than the upper bound of B s → µ + µ − .
IV. SUMMARY
We have studied the scalar/pseudoscalar operators, and tensor operators where the latter Finally, we remark on the recently observed large longitudinal polarization fraction f L in B → φK * 2 (1430) [1] . If tensor operators play an significant role in B → V T (where T denotes a tensor meson) decays, f L may significantly deviate from unity. The current B → φK * 2 (1430) experiment seems to be consistent with our conclusion since in our analysis the effect due to tensor operators is found to be very small. However, in the present study we cannot exclude the possibility that sizable NP effects contribute directly to tensor operators, instead of scalar/pseudiscalar operators, and, moreover, a cancelation may take place between weak annihilations and contributions due to NP tensor operators in the 
MESONS
The |η and |η ′ meson states are defined as the mixed states of |η q and |η s , as stated in (20) [32] . In this section we summarize the notations in [32] . Decay constants f q,s η (′) are given by
and in the same way, pseudoscalar densities h q,s η (′) are defined as
where h q,s are defined by
B → η (′) form factors are defined as
and in the present paper we take F 1 = F B→π 0 (0) and F 2 = 0. f π is the decay constant of the pion.
APPENDIX B: DECAY CONSTANTS AND FORM FACTORS IN B → V V DE-CAYS
We have used
for current operators, and
for tensor operators. In (B3) and (B5), A 3 (0) = A 0 (0), T 1 (0) = T 2 (0) and
APPENDIX C: THE COEFFICIENTS a p,h i
CORRESPONDING TO RIGHT-HANDED 4-QUARK OPERATORS
In (27) , the expressions for effective parameters a 
where Φ V (x), Φ v (x), Φ a (x), Φ b (x), g(x), h(x) and g T (x) are defined in [31] and [15] .
H h i (V 1 V 2 ) have the expressions: 
with q = p B − p V 1 ≡ p V 2 . Here Φ 
